Tuberculosis (TB) is a major cause of morbidity and mortality in developing countries, with 1.3 million deaths reported in 2012 (WHO Report 2013). In TB endemic regions, despite Calmette-Guérin bacillus (BCG) vaccination, the risk of pulmonary TB disease in young children remains high after exposure to *Mycobacterium tuberculosis* (*Mtb*).^[@R1]^ The natural history of TB, described from observational studies before the chemoprophylaxis era, shows that young age is an important determinant of risk for TB disease in immune competent children.^[@R2]^ The youngest children are also at greatest risk of severe morbidity, including miliary TB and meningitis.^[@R3],[@R4]^

Isoniazid preventive therapy (IPT) is thought to reduce the risk of TB disease in children who become infected after *Mtb* exposure.^[@R5]^ In a systematic review by Smieja et al, IPT provided 90% protection against TB disease in children given prophylaxis.^[@R6],[@R7]^ A similar effect was described in HIV-infected children.^[@R8],[@R9]^ Efficacy trials of TB preventive therapy have also shown that IPT reduces the risk of TB disease in HIV-uninfected individuals by 60% over 2 years of follow-up.^[@R7]^ In TB hyperendemic settings, children may be exposed and infected with *Mtb* from infancy.^[@R10]^ Therefore, the World Health Organization (WHO) recommends that every child younger than 5 years who is exposed to an adult TB case should be given chemoprophylaxis in the form of IPT after exclusion of active TB disease.^[@R25]^ South African national guidelines recommend IPT for HIV-uninfected children younger than age 5 years who have *Mtb* exposure, defined by a history of close contact with a person with active TB disease or a positive Mantoux tuberculin skin test (TST).^[@R11]^ A positive QuantiFERON-TB Gold In-Tube Test (QFT-GIT, Cellestis Limited, Chadstone, Australia) result is not currently included in national guidelines as an indication for IPT for HIV-uninfected children. IPT is not recommended for *Mtb*-exposed, HIV-uninfected adults in South Africa and many other high TB burden countries, because of the likelihood of repeated re-exposure to *Mtb*.

Interferon-gamma release assays (IGRAs), such as the QFT-GIT, have sometimes been used for confirmation of *Mtb* exposure and diagnosis of *Mtb* infection in low-burden countries and more commonly, in research settings, in high-burden countries.^[@R12],[@R13]^ The WHO has recently recommended that IGRAs should not replace the TST in low-income and middle-income countries for the diagnosis of latent TB infection in children^[@R25]^ However, there is a lack of data on the effect of IPT on risk of TB disease in young children with a positive QFT-GIT result in developing countries with a high TB prevalence. These data are crucial to guide programmatic decisions on whether young children with a positive QFT-GIT result should also receive IPT. This study evaluates the risk of TB disease after IPT in young, HIV-uninfected South African children with *Mtb* exposure, as documented by household contact with an adult TB patient, or by a positive QFT-GIT result.

METHODS
=======

This analysis was conducted on infants screened for participation in a phase IIb double-blind randomized, controlled clinical trial of a novel TB vaccine (MVA85A), which has been described previously.^[@R14]^ The study was conducted in a rural region of the Western Cape, South Africa, where the annual TB incidence is nearly 1% in adults (993 per 100,000 in 2012)^[@R14]^ and approximately 3% among children younger than 5 years of age.^[@R15]^ The study was approved by the Human Research Ethics Committee of the University of Cape Town.^[@R14]^ Written informed consent was received from parents for access to medical records. Infants were 126--182 days old at the time of screening, with a weight-for-age \>3rd percentile, generally good health and had completed the age-appropriate childhood immunization schedule recommended by the South African Department of Health, including BCG vaccination within 7 days of birth. Infants with acute or chronic illness, HIV infection confirmed by HIV polymerase chain reaction and history or evidence of active TB disease were excluded.

All infants with known *Mtb* exposure, defined by a history of close household TB contact or a positive QFT-GIT result, who form the basis of this analysis, were excluded from the vaccine trial and were referred for IPT. Infants with a history of close household TB contact did not undergo an additional QFT-GIT or TST, as the criteria for exclusion was already met. Thus, the proportion of infants with a history of household TB contact who tested QFT-GIT positive cannot be calculated. Infants without a history of household contact or other exclusion criteria underwent an additional QFT-GIT. Thereafter, all infants with *Mtb* exposure, whether documented by history of household contact or positive QFT-GIT, were given a referral letter to notify the local clinic, recommending that IPT should be provided. At the clinic level, children were further investigated by TST and chest radiograph (to exclude active disease) before provision of IPT. After completion of the trial, outcome data on all infants referred for IPT, including date of starting IPT and any treatment for subsequent diagnosis of TB disease, were collected from the TB notification and treatment registers for 36 months after screening. TB diagnosis was made on clinical, radiological and microbiological grounds, based on the judgment of the treating physician.

IPT and TB disease treatment status were analyzed as categorical variables, and proportions were compared between infants with *Mtb* exposure, defined by either positive QFT-GIT or history of household TB contact (HHC), using the χ^2^ test in the univariate analysis. A Student's *t* test was used for normally distributed continuous variables and the Kruskal--Wallis test for non-normally distributed continuous variables. Cox regression analysis was used to estimate the risk of TB disease through 36 months after referral for IPT. For the purpose of this analysis, the sample mean was imputed for missing continuous variables (n = 49) and a 0 value (nonexposed) for missing categorical data. Data were analyzed using Stata version 11.2 (StataCorp LP, StataCorp. 2009, Stata Statistical Software: Release 11, College Station, TX).

RESULTS
=======

Four thousand seven hundred forty-nine infants were screened. The 410 infants (8.6%) with either a positive QFT-GIT result or history of HHC at baseline are included in this analysis. The mean (standard deviation) age at screening was 130 (32.5) days; 46% (n = 187) of infants were male; 80% (n = 326) had mixed race ancestry; and 20% (n = 84) had black African ancestry. Mean (standard deviation) weight at screening was 6.3 (0.97) kg.

A HHC was reported in 131 (2.8%) infants. An additional 279 infants were QFT-GIT positive (6.0%). Despite referral for IPT, only one third (n = 138) of the 410 infants had receipt of IPT documented at the clinic. The median time from screening to start IPT was 118 \[interquartile range (IQR): 77--178\] days. A significantly higher proportion of infants with HHC (50%; n = 65) were documented to have received IPT, compared with 26% (n = 73) of QFT-GIT--positive infants (*P* \< 0.001).

Forty-four incident cases of TB disease (11.0%) were recorded within 991 child years of observation, after screening and referral for IPT, yielding an overall annual incidence rate of 4.4 (95% CI: 3.0--6.0) per 100 child years. The median (IQR) age at TB diagnosis was 201 (158--404) days. Among children who received IPT, the only difference in baseline characteristics by TB disease outcome was the mean weight-for-age Z score, with children who developed TB having the lowest weight-for-age Z score (Table [1](#T1){ref-type="table"}). However, children who subsequently developed TB disease had longer median time from screening to IPT uptake than those who did not develop TB disease \[262 (84--447) vs. 117 (69--173) days\], but this was not statistically significant (*P* = 0.1).

###### 

Baseline Characteristics at Screening of Children Who Received IPT, by TB Disease Outcome (n = 137\*)
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The distribution of TB cases by baseline TB exposure criteria (HHC or QFT-GIT positive), and by receipt of IPT, is shown in Figure [1](#F1){ref-type="fig"}.

![IPT and TB disease status in infants with a positive QFT-GIT and a history of household TB exposure.](inf-34-1218-g002){#F1}

A summary of additional TB investigations performed at clinic level is shown in Figure [2](#F2){ref-type="fig"}. Among children who received IPT (investigation data available for n = 137), 118 (86%) had a TST and 36 (26%) had a chest radiograph; although among children who did not receive IPT (investigation data available for n = 272), only 148 (54%) had a TST and 59 (21.6%) a chest radiograph. A high proportion of children with a positive QFT-GIT result also had a TST (n = 112, 64%) but did not receive IPT.

![Additional clinic investigations, including TST and chest radiograph (CXR), by IPT status (n = 409).](inf-34-1218-g003){#F2}

Twelve cases (12 of 44; 27.3%) of TB disease occurred in children with a HHC, compared with 32 of 44 (72.7%) cases in children with a positive QFT-GIT result. The annual TB disease incidence rate was not significantly different between children with *Mtb* exposure defined by HHC \[3.6 (95% CI: 2.0--6.3) per 100 child years\] and those with a positive QFT-GIT result \[4.8 (95% CI: 3.4--6.0) per 100 child years\], with an incidence rate ratio of 1.35 (95% CI: 0.68--2.88). The median (IQR) age at TB diagnosis was not significantly different between children with a HHC \[median 231 (130--561) days\] and children with a positive QFT-GIT \[median 196 (164--377) days\] (*P* = 0.9).

Eight cases (8 of 44; 18.2%) of TB disease occurred in children who received IPT, compared with 36 of 44 (81.8%) cases in children who did not receive IPT. The annual TB disease incidence rate was 2.4 (95% CI: 1.2--4.8) per 100 child years in children who received IPT, compared with 5.4 (95% CI: 3.9--7.5) per 100 child years in children who did not receive IPT \[incidence rate ratio: 0.44 (95% CI: 0.17--0.96)\]. The median (IQR) age at TB diagnosis was not significantly different between children who received IPT \[median 172 (IQR: 149--255) days\] and children who did not receive IPT \[median 201 (IQR: 61--404) days\] (*P* = 0.2). Among those children who started IPT, 8 cases of TB disease occurred within 6 months of starting IPT \[incidence rate: 13 (95% CI: 6--25) per 100 child years observation\], and no cases of TB disease were recorded thereafter.

In the univariate analysis, both IPT and older age were associated with a statistically significant reduction in the risk of TB disease (Table [2](#T2){ref-type="table"}). In the adjusted Cox regression model, age remained significantly associated with independent hazard for TB disease, with a 47% reduction in risk per additional month of age at baseline (Table [3](#T3){ref-type="table"}). Although the adjusted hazard of TB disease was also reduced by more than 50% in children receiving IPT, compared with children who did not receive IPT, this difference was not statistically significant (*P* = 0.06)
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Univariate Analysis of Factors Associated with Risk of TB Disease
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Multivariate Analysis of Factors Associated With Risk of TB Disease, Cox Regression Model
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DISCUSSION
==========

We have shown that in this TB hyperendemic setting, more than 8% of healthy, BCG-vaccinated, HIV-uninfected South African infants have evidence of *Mtb* exposure before 6 months of age, including 6% who were shown to have evidence of recent TB infection on the basis of a positive QFT-GIT result. Given the evidence of very high *Mtb* transmission rates in this population, it is not surprising that the incidence of TB disease in these young children has been shown to exceed 4% per annum.^[@R14],[@R15]^ Despite written referral for IPT, only one third of children who were referred for IPT had documentation of receiving IPT. In particular, very few children referred for a positive QFT-GIT result received IPT, despite having an additional TST performed at the clinic, although the nonprovision of IPT to these children might be explained by discordance between QFT-GIT and TST results.^[@R16]^ Furthermore, because a positive QFT-GIT result is not currently included in the South African national guidelines for IPT administration to HIV-uninfected, *Mtb*-exposed children younger than 5 years (SA National Tuberculosis Guidelines 2009), it is likely that lack of familiarity with this test result at the local clinic level contributed to the lower rate of IPT administration. However, even among those children with a known history of household contact, only 50% received IPT, implying that other factors are also at play. Programmatic measures to improve provision and adherence of chemoprophylaxis for *Mtb*-exposed children are needed^[@R17]^

Children who received IPT had more than 50% reduction in hazard for TB disease, compared with those who did not receive IPT. However, after adjusting for potential confounders, the effect of IPT on hazard for TB disease was similar, irrespective of whether the exposure was defined by a history of household TB contact or by positive QFT-GIT result. It is notable that among children who received IPT, all cases of TB disease were diagnosed within 6 months of starting IPT, implying that these were prevalent rather than incident cases that might not be prevented by isoniazid monotherapy. This observation is supported by the finding that children who were diagnosed with TB after IPT referral were relatively undernourished at baseline, which is consistent with active TB disease. However, these results are in contrast to those reported in a mass IPT trial among adult miners in South Africa, in which TB incidence increased shortly after completion of IPT.^[@R18]^

As fewer QFT-GIT--positive children actually received IPT after referral, compared with children with a history of household contact, we postulate that the reduction in risk of TB disease might have been even greater in QFT-GIT--positive children if health service IPT prescribing patterns had been equal. At the very least, because hazard of TB disease was similar after adjusting for receipt of IPT, children with a positive QFT-GIT result would be expected to receive similar benefit from administration of IPT as children with a history of household TB contact. Therefore, despite the recent WHO recommendation that IGRAs should not replace the TST for diagnosis of latent TB infection in children in low-income and middle-income countries,^[@R25]^ our findings support further research into the use of QFT-GIT results in programmatic algorithms to guide IPT provision to *Mtb*-exposed, HIV-uninfected children---particularly those younger than 5 years of age.

The very high rate of baseline positive QFT-GIT result (6%) in otherwise healthy infants younger than 6 months of age is surprising, especially considering that infants already identified as *Mtb* exposed by history of household TB contact were excluded from QFT-GIT. Given the reported variability in sensitivity of the QFT-GIT in infants, one explanation for this high prevalence might be a high number of false-positive QFT-GIT results.^[@R19]^ However, this possibility is not supported by the high incidence of subsequent TB disease and observed beneficial effects of IPT. *Mtb* infection is known to be common in young children in hyperendemic TB settings in the absence of a documented source case.^[@R20],[@R21]^

This study has certain limitations, which should be considered when interpreting these findings. The Western Cape of South Africa is a very high TB incidence area that may represent the extreme of TB transmission, and therefore, our findings may not be applicable to lower TB burden countries. Although baseline measures to exclude TB disease and define *Mtb* exposure were robust, children with HHC did not undergo a QFT-GIT. Therefore, it is not possible to examine the relationship between exposure defined by HHC and that defined by QFT-GIT. Second, because children who were identified as *Mtb* exposed at baseline did not undergo further follow-up visits, outcome data were collected retrospectively at the end of the clinical trial. Therefore, it is possible that some cases of TB were missed and also that some children diagnosed and treated for TB on clinical grounds might not have been classified as true TB cases by a study algorithm in a research setting. Detailed data on IPT adherence and completion rates are lacking. Children with no record of IPT at the clinic were considered as not having received IPT, although they may have moved out of the study area and received IPT elsewhere. It is likely that improved IPT adherence rates, whether in the context of study-specific recommendations or programmatic health service interventions, might have accentuated the effects of IPT on reduction in risk of TB disease. It must be acknowledged that there are few validated studies to guide interpretation of the QFT-GIT in pediatric populations, particularly in respect of the 0.35 IU/mL threshold for positivity.^[@R12]^ However, we note that it is the sensitivity, not specificity, of IGRAs that are thought be lower in high TB burden countries, compared with low-burden countries.^[@R22]^

Because IGRAs are used in developing countries, particularly in research settings,^[@R23]^ there is a need for additional evidence to define the role of QFT-GIT results in programmatic algorithms that guide IPT provision for Mtb-exposed, HIV-uninfected children. However, given the scientific plausibility of benefit from IPT, the supporting data from clinical trials in HIV-infected persons^[@R9],[@R11],[@R24]^ and uncontrolled studies, such as that reported here, a controlled trial of IPT, would be ethically problematic in this pediatric study population. We do not propose that the QFT-GIT should replace the TST for diagnostic purposes in low-income and middle-income countries. However, we do suggest that HIV-uninfected children younger than 5 years of age who have a positive QFT-GIT result should be considered for IPT, regardless of TB contact history and TST result.
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